The successful management and restoration of riparian corridors in Australia is currently hindered by our poor understanding of the links between hydrology, fluvial geomorphology and plant population dynamics. The aim of the current study was to determine the survival rates of Casuarina cunninghamiana subsp. cunninghamiana Miq. (family Casuarinaceae) on a sand-bed stream in the Wollombi Valley, a tributary of the Hunter River system, in coastal New South Wales (lat 33°02'S; long 151°10'E). A population planted on the banks of Dairy Arm in 1987, as part of river training works, was used to determine the long-term (24-year) survival rate. A bankfull flood in June 2011 provided an opportunity to examine the survival response of seedlings regenerating naturally within the channel. We found that 24% of the seedlings planted on the banks in 1987 had survived to adulthood. The bankfull flood significantly decreased (d.f. = 14; W= -30; p = 0.0024) median seedling density within the channel from 12 to 2 individuals per 100 m 2 . Seedling survival varied with height, with seedlings > 15 cm more likely to survive the bankfull flood. The percentage of seedlings partially buried by sediment was significantly higher (d.f. = 14; W = 13; p = 0.016) after flood compared to before flood. Seedling density was positively correlated with the amount of bare ground prior to the flood (r = 0.61; p = 0.02), but this relationship was no longer significant after flood (r = 0.18; p = 0.53). 37% of the seedlings surveyed showed evidence of grazing. Our results confirm that hydrogeomorphic processes associated with a bankfull flood affect the survival of Casuarina cunninghamiana seedlings. The management implications of our findings are discussed in terms of riparian revegetation techniques and the geomorphic recovery of over-widened sand-bed streams.
Introduction
Casuarina cunninghamiana (River Sheoak) occurs naturally in New South Wales (NSW), the Australian Capital Territory (ACT), Queensland and the Northern Territory of Australia. Of the two subspecies known, only Casuarina cunninghamiana subsp. cunninghamiana occurs in NSW and the ACT (Wilson & Johnson 1990 ). The natural habitats of this tree species are riparian corridors along coastal and inland river systems where it plays an important geomorphic and ecological role by establishing in channels, locally reducing flow velocities and accelerating bench formation ). Bench formation is important to the geomorphic recovery of sand-bed streams as one of the processes through which channel contraction of over-widened streams occurs . Many sand-bed streams have been overwidened by historical land management practices combined with the impacts of catastrophic floods or a series of large floods Erskine et al. 2012) . Selfsustaining populations of Casuarina cunninghamiana are essential for the stability and recovery of sand-bed streams especially those that have been extensively cleared. This species is ecologically important because it lowers stream temperature by shading, provides carbon (including large wood) to rivers and provides habitat for terrestrial, riparian and aquatic fauna (Roberts & Marston 2011) . Where Casuarina cunninghamiana is the dominant tree species, its cover also influences understorey composition .
Flood-tolerant plant species are adapted to survive the physical forces of flood, as well as periods of waterlogging or inundation (Kozlowski 1984; Van Steenis 1987) . The degree of physical damage, inundation and waterlogging depends on the size (intensity) and duration of flood events, as well as the relative height of the landforms on which plants are growing. Survival of many riparian species also depends on their ability to access alluvial aquifers; flood frequency is important here because floodwaters replenish both groundwater and soil water (Roberts et al. 2000; Overton et al. 2006; Chalmers et al. 2009 ). Geomorphological processes that are mediated by flood and interact with riparian vegetation include scouring of the bed, stream bank erosion, removal of low elevation landforms (e.g. bars and benches) and the deposition of sediment to form new landforms (Bendix & Hupp 2000; Gurnell et al. 2001; Erskine et al. 2012; Gurnell et al. 2012) . Non flood-mediated factors like livestock grazing also affect riparian plant survival (Robertson & Rowling 2000; Friedman & Lee 2002; Chalmers et al. 2006) . Studies investigating the survival of Casuarina cunninghamiana are limited and the findings have sometimes been contradictory (Roberts & Marston 2011) .
Catastrophic floods are likely to affect trees of any size class growing on both low and high elevation fluvial landforms, but they are relatively rare. Smaller floods and flows (e.g. bankfull discharge) will have less impact on large established trees and on higher elevation fluvial landforms (e.g. floodplains), but do occur relatively frequently. These frequent, smaller floods are a barrier to the restoration of riparian zones if they result in repeated loss of individual plants by scouring. Understanding the survival responses of riparian trees to frequent floods will allow us to design methods to improve restoration outcomes. For example, the historical practice of planting long cuttings of exotic Willows and Poplars to stabilise stream banks was to reduce plant loss during floods but introduced exotic species with little ecological value into the landscape. A much better solution to the problem of flood scour is Bill Hicks' longstem planting technique, which enables native species to be planted deeply into stream banks (Hicks et al. 1999) .
Between 1954 and 1993 extensive river training works to address channel instability by installing a range of structural works (brush, mesh or rock fences or rock training walls) and tree plantings were undertaken by the NSW Department of Land and Water Conservation (DLWC) on streams in the Hunter Valley (Erskine 1990; 1992; 2001) . Casuarina cunninghamiana was planted as part of the river training works on a sand-bed stream (Dairy Arm) in the Wollombi Valley in 1987; subsequently naturally regenerating seedlings have been observed in the channel adjacent to this planting. These circumstances provided an opportunity to investigate the survival rates of Casuarina cunninghamiana on two different time-scales on a stream for which the hydrology and geomorphology are well understood. The aim of the current study was to measure: (1) the long-term survival of the cohort planted in 1987; and (2) the survival response of naturally regenerating individuals in the channel following a bankfull flood event in 2011.
Study Area
The study area covers pastoral land in the riparian corridor of Dairy Arm (lat 33°02'S; long 151°10'E), a tributary of upper Wollombi Brook in the Hunter Valley, NSW ( Figure  1 ). Dairy Arm (total catchment area 40 km 2 ) is a small capacity sand-bed stream flanked by a low floodplain. The geology of the upper Wollombi Brook drainage basin is intercalated quartzose sandstone and shale of Triassic Hawkesbury Sandstone and Terrigal Formation. Since European settlement in the early 1820s the natural riparian vegetation has been extensively cleared (Erskine et al. 2010) . The largest catastrophic flood since European settlement occurred in June 1949 and resulted in upstream channel incision and bank instability, with concurrent downstream sedimentation and channel widening (Erskine & Melville 2008; Erskine et al. 2010) . Based on channel behaviour since European settlement Erskine et al. (2010) divided the alluvial section of Dairy Arm into three zones; the upper intact zone, the incised zone and the downstream depositional zone. The reach in this study occurs entirely within the depositional zone and has experienced substantial sedimentation since 1949 because of massive upstream channel erosion by widening and incision (Erskine & Melville 2008) .
In March 1978 a catastrophic flood increased the mean bankfull channel width of Dairy Arm by 50% (Erskine et al. 2010) . In 1982 the then NSW Water Resources Commission commenced river training works for erosion control by planting exotic Willows and Poplars and installing mesh fencing and stock-proof fencing (Figure 2) . In 1987 the same government agency planted Casuarina cunninghamiana seedlings on the banks of the lower 3.6 km of Dairy Arm ( Figure 2) ; this planting is also considered part of the river training works. These seedlings were not grown from seed, but collected from the nearby Wollombi Brook and transplanted to the banks of Dairy Arm (N. Thompson pers. comm. 2011) . Though the exact location of individual plantings could not be obtained from departmental records, the plantings can be easily identified in the field because: (i) they occur as a single line of evenly spaced adults of a similar size; (ii) stands are surrounded by the remnants of rectangular fences; (iii) the third author has been regularly visiting the site to conduct research since 1979; and (iv) an oral history of the site is provided by the current landowner. Note that, as a result of flood damage and the extensive sedimentation that has partially buried them, the river training fences surrounding the stands of trees no longer exclude livestock and all the sites examined in this study were now open to grazing by cattle.
Dairy Arm has a warm-temperate climate with the highest mean maximum temperature of 30 º C in January, and the lowest mean maximum of 17. 89 (185) 89 (226) 33 (246) June 2011 4 (84) 4 (109) 3 (111) rainfall maximum and the median annual rainfall is 822 mm. The highest mean monthly rainfall occurs in February and the lowest in July. Rainfall in 2011 was well above the longterm median ( Figure 2 ).
There is no river gauging station on Dairy Arm but a bankfull discharge event occurred on Dairy Arm between 12 and 16 June 2011. Bankfull discharge is the maximum discharge that can be contained within the channel without the flow spilling over the banks (Simon et al. 2004) . Although technically not a flood, because the flow did not overtop the banks (N. Thompson pers. comm. 2011), for the sake of brevity we will use the term flood rather than bankfull discharge. The total rainfall recorded at Yallambie during this 5-day period was 164 mm and the maximum daily rainfall was 84 mm (on 13 June). Based on this rainfall record, intensity-frequencyduration analysis shows that the June 2011 storm had a return period of 3 to 4 years, depending on duration (Table 1 ). This storm event was much smaller than those that contributed to the large floods of June 2007 and March 1978, both of which have a return period of 33-89 years (Table 1 ). In comparison, the February 1990 flood was associated with a storm event that has a return period of about 15 years ( Table 1 ).
The composition of the remnant vegetation along the study reach is consistent with Wollombi Alluvial Red Gum -Apple Forest (as defined by Peake 2006), a tall open forest (12-25 m) with 10-15% cover. In this vegetation community Casuarina cunninghamiana typically occurs along river banks of high energy, where it is usually the only tree present (Peake 2006) . However, in Dairy Arm, Casuarina cunninghamiana had been completely eradicated from the riparian corridor by 1979 (when we first started researching Dairy Arm) and the present population is the result of the plantings in 1987. We have not observed any Casuarina cunninghamiana on the upstream part of Dairy Arm, nor on its upstream tributaries. However, this species does occur downstream of the study site on Wollombi Brook. The main other woody species observed on the banks and the floodplain of the study reach include Acacia parvipinnula (Silver-stemmed Wattle), Angophora floribunda (Rough-barked Apple), Eucalyptus amplifolia var. amplifolia (Cabbage Gum) and Melaleuca decora.
Methods
We chose five sites along Dairy Arm, based on existing stands of Casuarina cunninghamiana planted in 1987, counted the number of trees in each of the five stands, and walked a transect along the banks of Dairy Arm to establish whether any isolated adult trees (or saplings) existed between the fenced stands. Only two additional trees were found, and despite the absence of fencing, their size and the fact that they occurred on the bank < 20m downstream of a line of Poplars and Willows was consistent with them having been planted in 1987. These two trees were included in the calculation of the long-term survival rate. We measured the maximum height of each stand and the diameter at breast height (dbh) of each tree to determine the size class distribution of the surviving population. For each tree we recorded the presence/absence of fruit to determine the proportion of the population that was potentially producing seed. There were no seedlings (< 1.5 m) on the floodplain and seedlings were extremely rare on the high benches. To determine the survival response to a bankfull discharge Casuarina cunninghamiana densities were only measured within the channel.
At each site we used three 10 m x 10 m quadrats placed within the channel. Use of a 10 m x 10 m quadrat meant that the fluvial landforms sampled typically included the bed (covered with water), mid-stream and bank-attached bars and low benches (Erskine & Livingstone 1999) . We positioned the three quadrats so that the first quadrat was 20 m upstream of the canopy edge of the adult stand, the second quadrat was placed at the mid-point of the stand length and the third quadrat was positioned 20 m downstream of the canopy edge of the stand. We measured the bankfull width of the channel; the mid-point of the channel width became the centre point of each 10 x 10 m quadrat. We had to alter the method at site 4 because, instead of one stand, there were two small stands separated by a relatively small gap (98 m). In this case, we set the first quadrat 20 m from the upstream canopy edge of the stand furthest upstream while the third quadrat was set up 20 m from the canopy edge of the stand furthest downstream. To avoid the potential influence of the gap, we randomly selected one of the stands and set up the "second" quadrat adjacent to the mid-point of that (upstream) stand.
In each quadrat we visually estimated the percentage cover of bare ground, water and ground layer vegetation, counted the number of Casuarina cunninghamiana individuals and measured their height. As the tallest individual measured in the quadrats was 1.17 m, density in the channel will hereafter be referred to as seedling density. For each individual, we recorded evidence of being grazed or partially buried. Partial burial was recorded as present when the root collar of the seedling was at least 1 cm below the ground surface. In quadrats where density was high, we divided the quadrat into 1 m or 2 m strips to ensure a high accuracy of counts. The pre-flood data were collected between 7 and 10 June 2011 and the post-flood data were collected between 5 and 10 August 2011, about eight weeks after the flood. We placed the quadrats in the same location before and after flood.
We collected bed sediment at five cross sections evenly spaced through the depositional zone of Dairy Arm. On each section six equi-spaced points were bulked for each sample. The samples were oven-dried, weighed and a 100 g subsample, obtained by cone and quartering, was sieved through a nest of stainless sieves.
Shapiro-Wilk tests revealed that both the pre-flood (W = 0.50; p < 0.0001) and post-flood (W = 0.62; p < 0.0001) density data were highly skewed. Both logarithmic and square root transformations failed to improve normality and therefore we used a non-parametric Wilcoxon signed rank test (Sokal & Rohlf 1995) to compare density in the channel, before and after flood. Seedling density measured in the middle quadrat at Site 4 was an outlier (353 seedlings in 100 m 2 ), so we removed this point when conducting spearman correlations between seedling number, bare ground and vegetation cover. Paired t-tests were conducted on square root transformed data, to test for a difference in bare ground, vegetation cover and channel width before and after flood. As transformation did not improve the normality of the seedling burial data, we used a non-parametric Wilcoxon signed rank test for paired samples (Sokal & Rohlf 1995 
Results

Long-term survival rate
The survival rate of the Casuarina cunninghamiana seedlings planted in 1987 was 24% over the 24 year period (72 of 300 planted seedlings surviving). The surviving population had a mean diameter at breast height of 31.5 cm (± 1.87 cm SE) and a bell-shaped size distribution (Figure 3 ). The adult stands ranged from 37 to 147 m in length and consisted of 4-23 individuals with an average canopy height of 18 m (± 1.3 m SE). All stands consisted of a single line of trees located just before the start of the floodplain and usually (the exception being Site 1) with a high bench having formed on the channel side of the planting since the construction of the river training works (Erskine et al., 2010) . 58% of the adult trees were producing fruit.
Survival response to the June 2011 flood
Following the flood the median density of seedlings within the channel decreased significantly from 12 seedlings per 100 m 2 (inter-quartile range = 58) before the flood to 2 seedlings per 100 m 2 (inter-quartile range = 7) after flood; this difference in density was significant (d.f. = 14; W= -30; p = 0.0024) with the Wilcoxon signed rank test. Seedling loss was the result of both flood scour and burial by sediment. Prior to the flood the majority of seedlings were less than 30 cm tall (Figure 4 ) and few seedlings were greater than 46 cm in height. Seedling survival after the flood varied with height class (Figure 4) . Seedling survivorship tended to increase as the height of the seedlings increased, e.g. only 9% of seedlings < 5 cm tall survived, whilst 30% of seedlings in the 31-45 cm height class survived the bankfull flood ( Figure  4 ). Seedling survivorship in the > 76 cm height class was >100% and is most likely explained by two seedlings being missed in the pre-flood sampling.
As the "seedling" class measured here could include individuals up to 1.2 m tall, those few individuals in the larger size classes may be up to 1-2 years old, especially if grazed.
The Wilcoxon signed rank test showed that the percentage of seedlings partially buried by sediment was significantly higher (d.f. = 14; W = 13; p = 0.016) after the flood compared to before the flood ( Table 2 ). The variability in the seedling burial data was partly due to a distinct difference between sites. Sites 1 and 2 showed no evidence of partial burial of seedlings before or after the flood, while at the more downstream sites (4 and 5) a small proportion (about 1-5%) were partially buried before the flood and 100% of seedlings were partially buried after the flood ( Figure 5 ). Spearman correlations showed that mean seedling density in the channel prior to the flood was significantly positively correlated with the mean percentage of bare ground (r = 0.61; p = 0.02), but this relationship was no longer significant after flood (r = 0.18; p = 0.53). There was no significant relationship between seedling density and percentage of vegetation cover, either before the flood (r = -0.2; p= 0.38) or after the flood (r = 0.29; p = 0.30). 37% of the seedlings within the channel showed evidence of grazing (Table 2) .
Channel response to the June 2011 flood
Channel width was significantly greater (d.f. = 14; t = -2.8; p = 0.014) after flood compared to before flood (Table 2) . Percentage of bare ground (i.e. bare sediment) was not significantly different (d.f. = 14; t = -0.22; p = 0.83) before and after flood ( Table 2 ). Note that percentage of bare ground has probably been underestimated here, as the method did not include bare sediment covered by water, which was greater during the sampling period after flood. Vegetation cover was lower after flood compared to before flood (Table  1 ), but this difference was not significant (d.f. = 14; t = 2.1 ; p = 0.055). Paired photos taken at Site 4 provide an example of landforms typically found in the channel of the depositional zone of Dairy Arm and how these landforms were affected by the flood (Figure 6 ). Site 4 had the greatest mean density of seedlings in this study, and this site had both mid-channel bars (adjacent to Melaleuca decora in the background) and a large low bench (in the foreground) that was partially vegetated before the flood (Figure 6a ). The mid-channel bars were removed by the flood and a fresh layer of sand was deposited on the low bench attached to the left bank of the stream (Figure 6b) . A large proportion (89%) of the seedlings in this particular quadrat (mainly on the low bench) were either removed by scour or buried by sand.
The median bed sediment size was consistently between 0.22 and 0.25 mm in diameter at all cross sections. The sand was always moulded into an asymmetrical small-scale ripple with a steeper stoss than lee slope.
Discussion
Quantification of survival rates is needed if we are to fully understand the population dynamics of riparian species and design more successful restoration programs. proposed that Casuarina cunninghamiana seedlings in the bed and on low bars of sand-bed streams would be periodically removed by high flows but they were unable to provide direct evidence that this occurred. The current study confirms that while lower elevation fluvial landforms are ideal habitats for germination, up to 90% of seedlings may be lost in some locations as a result of a bankfull flood.
According to Simon et al. (2004) , bankfull discharge has sufficient velocity to alter the river bed of sand-bed streams. The increase in channel width confirms that the river bed of Dairy Arm was altered by the bankfull event, but surprisingly bare ground and vegetation cover within the channel were not substantially altered. Nevertheless, paired photographs illustrate that at some locations mid-channel bars were removed and sediment was deposited on low benches within the channel.
We also found that a bankfull flood was sufficient to remove (or bury) many, but not all, of the Casuarina seedlings growing within the channel. Of those seedlings that survived the flood, about 60% were partially buried. This is not surprising because the median grain size of the bed material on Dairy Arm in the study area is 0.22-0.25 mm and is transported by nearly all discharges. How well, or for how long, seedlings can tolerate partial burial or recover from complete burial is currently unknown. Anecdotal observations in this study indicated that some seedlings just visible above the deposited sediment had not survived. Species that occur in similar environments to Casuarina cunninghamiana, such as Poplars and Willows have been found to succumb to burial (Johnson 1994; Scott et al. 1996) . The study reach is within the depositional zone of Dairy Arm and has experienced substantial sedimentation since 1949 because of massive upstream channel erosion (Erskine & Melville 2008) . Erskine et al. (2010) show that medium sand has been slowly moving downstream; the upstream supply is now being reduced as it becomes exhausted and the sand remaining in storage within the channel is stabilised by vegetation (particularly by grasses). As the supply of sand to the lower reach of Dairy Arm (e.g. sites 4 and 5) reduces, we would expect that seedling survival will increase.
In the only other study to quantify survival rates of Casuarina cunninghamiana, Chalmers et al. (2009) found that 3-30% of young adult trees (13 m in height) were removed from benches at Widden Brook during an overbank flood (in June 2007). Our results confirm that scouring by bankfull discharge events, which may occur every 3 to 4 years, is a barrier to re-instating self-sustaining populations of Casuarina cunninghamiana on streams that have been previously cleared of riparian vegetation. As most riparian restoration practitioners know through experience, any technique that can reduce the impacts of scouring will improve restoration outcomes which is why the long-stem planting technique is recommended by a number of restoration practitioners (Hicks et al. 1999; Peel 2010) for use in riparian zones.
Seedling loss in the current study was due to flood scour or burial; there was no evidence of impacts from inundation. Woolfrey & Ladd (2001) found that continuous submergence of at least 2 months eliminated Casuarina cunninghamiana seedlings in the channel of the Murrumbidgee River, but wading depths observed during sampling in Dairy Arm suggested that stream height was almost back to pre-flood conditions after 7½ weeks -consistent with the duration of inundation being too short to affect survival.
Prior to the bankfull flood, the height class distribution of seedlings suggested that regeneration within the channel of Dairy Arm is episodic, rather than continuous, as many seedlings were about the same height. Episodic recruitment occurs when abundant seed release coincides with favourable habitat and climatic conditions (League & Veblen 2006) . Based on the even-aged stands regenerating on benches, concluded that establishment of Casuarina cunninghamiana within the channel of Widden Brook is episodic. The positive relationship between seedling density and percentage bare ground within the channel found here is consistent with other studies on the regeneration of exotic pioneer riparian tree species (Bradley & Smith 1986; Cremer et al. 1995) and Casuarina cunninghamiana (Woolfrey & Ladd 2001) . However, our results suggest that this relationship may no longer be evident if sampling occurs shortly after a flood that is sufficiently large to alter the bed. The change in the height distribution before and after the bankfull flood shows that a greater proportion of smaller seedlings (< 15 cm) were removed or buried. Presumably larger seedlings are better able to resist high flows, by having a more developed root system that anchors them to the bed, and their greater height would reduce the risk of being completely buried. Thus, the size class distribution will not only reflect establishment events, but the episodic nature of loss due to floods.
In May 1982 exotic Willow and Poplar plantings and extensive stock-proof fencing were installed in Dairy Arm (Erskine et al. 2010) , and 300 Casuarina cunninghamiana seedlings were planted five years later (month of planting unknown) by the same government agency. The bell-shaped size distribution of the surviving population is consistent with the trees being established at the same time. 24% of these remain 24 years later and just over half of them produced fruit in 2011; a survival rate within the range found by previous studies of planted riparian trees and shrubs. Webb et al. (1999) found survival rates of tree species that typically occur in riparian habitats along sand-bed streams in the Hunter Valley ranged from 33% (Angophora floribunda) to 89% (Eucalyptus camaldulensis) (measured14 years after being planted). Unfortunately there is no comparative data for Casuarina cunninghamiana survival because this species was not usually planted as part of river training works at that time, despite its widespread distribution in the region (Webb et al. 1999 ). However Hicks et al. (1999) , reporting on the survival of four riparian tree species planted at two sites in the Hunter Valley, compared the performance of long-stem and standard tube-stock and included Casuarina cunninghamiana. Eleven months after planting, 69% of the long-stem plants had survived compared to 19% of those planted as standard tube-stock. Thus the survival rate of the standard tube-stock in their study is similar to the survival rate reported here.
In contrast to the survival rate after the June 2011 flood (which isolates the impact of a discrete disturbance event), the longterm survival rate integrates the potential effects of floods, droughts, sedimentation and grazing. (Figure 2 ). Being planted on the banks of an over-widened channel just at the end of a relatively wet period would have increased the chances of the planted seedlings becoming established, as water stress was probably low in the early stages of establishment ( Figure  2 ). At least some of the plants survived the moderate-sized flood that occurred when the planting was only 3 years old (i.e. February 1990). In the absence of catastrophic floods during this period (Erskine et al. 2010 ) vegetated benches built up in the channel over time, so that by the time the large overbank flood occurred in June 2007 Erskine et al. 2010 ) the planted trees were protected from scouring by a bench. Though originally protected by fencing, these had largely gone by 2011 and we found that 37% of the seedlings had been grazed. The benefit of stockproof fencing on seedling abundance has been previously reported by Chalmers et al. (2006) . Therefore the exclusion of livestock from the banks of Dairy Arm, during the crucial period of establishment, would have also increased the probability of seedlings reaching adulthood. Ganger records show that maintenance and repairs to the stock-proof fencing on Dairy Arm was undertaken by the then DLWC on at least six occasions between 1982 and 1997. Clearly, one-off incentive funding from government agencies for the installation of stock-proof fencing along riparian zones is likely to be inadequate because considerable repair costs due to flood damage can be expected over the life of any restoration or conservation project.
Conclusions and management implications
We found that only a small proportion of the naturally recruiting seedlings growing within the channel survived a bankfull flood and that a flood of this size can significantly increase the channel width of a sand-bed stream (at least where the vegetation on bars and low benches is predominately herbaceous). Fluvial geomorphic processes associated with a bankfull flood clearly affect the survival of Casuariana cunninghamiana seedlings, with seedling loss being due to scour and burial by sand. The high proportion of seedlings that were partially buried by sediment in this study is consistent with the reach being located in the deposition zone of Dairy Arm where highly mobile medium sand is slowly moving downstream. As sand-bed streams tend to be re-worked more often, and on a larger scale than other bed sediment types (Erskine 1996; Brierley and Fryirs, 2005; Erskine et al. 2010) , the conclusions of this study are unlikely to apply to Casuarina cunninghamiana growing in bedrock or gravel-bed streams or to regions with different climatic and rainfall regimes.
However under the climatic conditions of the last 24 years, seedlings planted on the banks of Dairy Arm in 1987 were able to survive through to adulthood and supply viable seed to the channel. The rate of survival was low, but consistent with other studies of riparian species (Hicks et al. 1999; Webb et al. 1999) used in river training works in the Hunter Valley. Long-stem planting may improve survival by reducing both the risk of removal and burial by flood (Hicks et al. 1999 ) but further quantitative, longer-term and better designed studies on this planting technique are needed. Where standard tubestock is planted, our results suggest that seedlings > 15 cm in height may have an improved chance of surviving a bankfull flood. The exclusion of livestock from the banks and the channel is recommended to allow both planted and naturally regenerating seedlings to establish and reach maturity. Whilst permanent exclusion is clearly preferable (to allow the restoration of the understorey as well), a compromise would be to exclude livestock for at least 4-5 years or until most of the crown of the saplings is above the reach of grazing animals. Intermittent grazing with low stocking densities could then be used to control pasture grasses and weeds, where necessary.
Sand-bed streams in the region are still recovering from the combined effects of clearing by European settlers and postEuropean catastrophic floods (Erskine 1996; 2008; Erskine et al. 2010) . For sand-bed streams with a large supply of sediment within the channel, high losses of seedlings through burial can be expected for some time yet. However ongoing research is showing the value of re-establishing vegetation along these channels, as formerly unstable channels are becoming more resilient to relatively large floods as a result of vegetation colonisation (Erskine 2008; Erskine et al. 2010) .
